Natural phenolic metabolites such as isoflavonoids are found in plants of the Leguminosae family and in cell cultures derived from them both as free compounds and as various glycoconjugates [1, 2] . Some of these isoflavonoids play an important role in the prevention of cardiovascular and coronary heart diseases, as well as breast and prostate cancers [3, 4] . Therefore, the isolation, quantification and evaluation of the pharmacological activities of the isoflavonoids present in food products, medicinal herbs and plant extracts are of considerable interest.
Maackia amurensis Rupr. et Maxim. is a deciduous plant of the Leguminosae family that is widely distributed in the southern part of the Russian Far East as well as northeastern China and North Korea. This species is a relic of the tertiary flora containing a considerable quantity of plant polyphenols that constitute the polyphenolic base complex [2, 5] . The polyphenolic complex from the heartwood of M. amurensis, called the Maksar preparation, is registered in the Russian Federation as a hepatoprotective drug [5] [6] [7] [8] . The main components of this complex are isoflavones, pterocarpans, and monomeric and dimeric stilbenes. In addition to possessing a hepatoprotective effect, the Maksar preparation increases the activity of the antioxidant system, reduces lipid peroxidation, prevents increases in the total serum lipid content and prevents the development of alimentary hyperlipoproteinemia in experimental animals [5] [6] [7] . The Maksar preparation increases the anti-aggregative activity of the vascular walls and potentiates endothelium-dependent vasodilatation in ovariectomized rats [8, 9] . It also possesses antithrombogenic, antiplatelet and anticancer properties [9, 10] .
Dried M. amurensis stem bark, which is often used in folk medicine for the treatment of cancer, cholecystitis and arthritis, is a good source of prenylated isoflavones, flavanones and pterocarpans [11] . A study focused on the chemical composition of M. amurensis bark resulted in the isolation of thirteen isoflavone glycosides [12] . Previously, we described the antioxidant properties of polyphenols from the heartwood and callus cultures of M. amurensis [13] . In the Figure 1 : Structures of compounds 1-7.
present study, we report the isoflavonoid composition, the isolation of individual isoflavonoids, their structural elucidation and the antioxidant activities of compounds 1-7 ( Figure 1 , Table 1 ) that were obtained from the n-BuOH extract of M. amurensis roots. We studied the HPLC profile of the isoflavone mixture after acid hydrolysis of the M. amurensis n-BuOH root extract and identified seven major peaks by comparing their retention times (t R ) with those of the reference compounds daidzein, 5-O-methylgenistein, genistein, pseudobaptigenin, formononetin, (6aR,11aR)-maackiain, and (6aR,11aR)-medicarpin, which were previously isolated in our laboratory from the plant and from plant cell cultures. Under these conditions, the sugar present in the water-soluble fraction of the reactants was identified by comparison with an authentic sample of D-glucose. The isoflavonoids were isolated by repeated column chromatography on a Toyopearl HW-50F sorbent and were identified by HPLC-PDA-MS, 1 H NMR, The 13 C and 13 C DEPT NMR spectra of 6 exhibited 28 signals, 12 of which were assigned to the saccharide portion and 16 to the pterocarpan moiety. The 1 H NMR spectrum of compound 6 revealed the presence of the ABX-type aromatic proton system of ring A at δ Table 2 ). In the HMBC spectrum crosspeaks between H-1' of the first monosaccharide residue (glucose) and C-3 of the aglycone, and between H-1'' of the second monosaccharide residue (glucose) and C-6' of the first monosaccahride residue (glucose) were observed. These findings confirmed that the inner glucopyranosyl residue was attached to the phenolic hydroxyl group at C-3 of medicarpin and that two β-D-glucopyranosyl residues were 1,6-linked. Thus, 6 was identified
The presence of significant amounts of isoflavone and pterocarpan gentiobiosides in the roots of M. amurensis suggests that this natural product has a potential for future medical applications. This is the first report of the isolation of six isoflavone and pterocarpan gentiobiosides from a natural source. The total isoflavonoid content of the plant roots was approximately 0.77% DW. Formononetin-7-O-gentiobioside (4) and pseudobaptigenin-7-O-gentiobioside (3) were the main isoflavonoids (0.39% and 0.12% DW of the plant root contents, respectively), and the other five compounds comprised a smaller contribution (Table 1) . Our results demonstrated that the chemical compositions of the heartwood, bark, and roots of M. amurensis significantly differ. The monomeric and dimeric stilbenes identified as the main components of the heartwood [5] were not found in substantial quantities in the bark and roots of this tree. The bark and roots of M. amurensis contain significant quantities of isoflavone and pterocarpan glycosides. Moreover, M. amurensis roots contain predominantly isoflavone and pterocarpan gentiobiosides. No isoflavone glycosides, which were extracted in the previous studies from the bark of this plant [12] , were found in its roots in the present study. An exception is formononetin-7-O-gentiobioside (4), which has been isolated from both the bark and roots of M. amurensis.
The antioxidant activities of the ethanolic extract and isoflavonoids 1-7 of M. amurensis roots: The oxidative stress induced in the control animals (group II) by formalin injections resulted in a significant increase in the concentrations of MDA and other TBARS in comparison with those found in untreated animals ( Table 3 ). The total ethanolic extract and isoflavonoids 1-7 of M. amurensis roots had similar and significant effects on the animals. Pretreating the animals with these substances (Group III) reduced the concentration of MDA and the other TBARS 2.5-fold compared with the values for group I, and 4-fold compared with the values for group II (Table 3) . Oxidative stress activated various antioxidative mechanisms, increasing the activity of antioxidant enzymes, especially superoxide dismutase (SOD) and catalase (CAT). Our experiments demonstrated that when the oxidative stress reached its maximum, a two-fold decrease in the GPO activity was observed in the rats treated with either the total ethanolic extract or isoflavonoids 1-7 of M. amurensis roots. Their CAT and SOD activities were higher than those of the untreated animals. I -Group of untreated rats; II -Group of control rats; III -Group of control rats + total ethanolic extract; IV -Group of control rats + isoflavone and pterocarpan glucosides 1-7 (2% starch suspension, 25 mg/kg b.w.).
Isoflavonoids from Maackia amurensis Natural Product Communications
Notably, pretreating animals with isoflavonoids 1-7 at a dose of 25 mg/kg inhibited prooxidant activities more efficiently than did treatment with the PHW or the PCC of M. amurensis (at a dose of 100 mg/kg) [13] . It has been reported that the isoflavones and pterocarpan glucosides 1-7 from the roots of this tree possessed a more pronounced hepatoprotective effect compared with those of the PHW or PCC of M. amurensis [6, 15] . The significant bioactivity of these compounds may be caused by their higher water solubility in comparison with that of aglycones from the core wood [14] and the glucoside-and malonylglucoside conjugates in M. amurensis cell cultures [2] . Moreover, isoflavonoids 1-7 were observed to possess significant antioxidant activity, which may be responsible for their hepatoprotective property. Therefore, our previous results combined with those obtained in this investigation indicate that M. amurensis roots appear to be a new biological source of isoflavone and pterocarpan gentiobiosides with a potential for future pharmaceutical applications. 
Experimental

Plant material: Plants (including roots) of Maackia amurensis
General apparatus and chemicals:
The optical rotations were measured with a Perkin-Elmer 343 polarimeter. The UV spectra were obtained using a Cecil CE 7250 spectrophotometer. The IR spectra were recorded on a Vector 22 IR-FT spectrophotometer. The 1 H and 13 C NMR spectra were determined with a NMR Bruker AVANCE III DRX-700 instrument at 30ºC. The samples were processed in DMSO-d 6 using tetramethylsilane as the internal standard. The chemical shift values are reported in parts per million (δ), and the coupling constants (J) are given in Hz. The HR-ESI-MS were measured using an Agilent Technologies Q-TOF LC-MS spectrometer (direct infusion, 5 mkL/min, ionizing energy = 10 eV). Toyopearl HW-50 and dihydroquercetin (DHQ) were obtained from Sigma. The purity of the reference compounds was greater than 98% by the peak-area normalization method using HPLC with detection at 280 nm.
Analytical HPLC:
The HPLC analysis of M. amurensis root samples was carried out using an Agilent Technologies 1100 series HPLC system under the same condition published by us earlier [2] . The correlation coefficient (K) and retention time (t R ) relative to those of DHQ (dihydroquercetin) as an internal standard were measured in triplicate for all of the pure standard compounds and were subsequently used for the quantification and the qualification of the isoflavonoids 1-7 (Table 1) .
HPLC-PDA-MS analysis:
The solvents and chemicals used were of analytical grade or high-performance liquid chromatography (HPLC) grade. HPLC -photodiode array detector (PDA) -electrospray ionization (ESI) -mass spectrometry (MS) analysis of the isolated compounds was conducted using a Shimadzu HPLC-MS system consisting of a CBM-20A system controller, two LC-20AD pumps, a DGU-20A3 degasser, a SIL-20A autosampler, a SPD-M20A UV-VIS photodiode array detector and a Shimadzu LCMS-2020 mass detector. The compounds were eluted, and analysis was performed at 36ºC on a Shim-park XR-ODS 75 mm × 3.0 mm (i.d.) column (2.2 µm particle size) using a flow rate of 0.3 mL/min. A 1% solution of aqueous acetic acid (A) and a solution of acetonitrile containing 1% acetic acid (B) were used for gradient elution as follows: 10-100% B (10 min), 100% B (2 min) and 100-10% B (2 min), with an injection volume of 2 µL. The MS parameters included electrospray ionization (ESI) with negative and positive ion modes, 150-800 m/z scans, N 2 drying gas flow of 10 L/min, nebulizer gas flow of 1.5 L/min, interface voltage of 3.5 kV and detector voltage of 1.2 kV). The PDA detection was from 200 nm to 600 nm.
Extraction and isolation:
Ground root samples of M. amurensis (163 g) dehydrated under a hot air flow (50°C) were extracted 3 times with EtOH (96%) for 2 days at 50°C, and the extract was concentrated under vacuum to achieve a viscous residue (6.03 g). This was suspended in water (200 mL) and partitioned successively with light petroleum, EtOAc and n-BuOH in the same volume (100 mL), 3 times. The n-BuOH extract (2.5 g) was chromatographed on a column of Toyopearl HW-50F (4 × 40 cm). The column was eluted with a H 2 O-EtOH solution (containing 0.04% HCOOH) with gradually increasing amounts of EtOH. Fractions of the 10%, 20%, 30% and 40% EtOH eluates were evaporated to yield fraction A (300 mg), fraction B (210 mg), fraction C (280 mg) and fraction D (148 mg), respectively. Fractions A-C, which contained isoflavonoids (according to their HPLC-MS behavior), were subsequently subjected to chromatography using a Toyopearl HW-50F column (2 × 40 cm). The column was eluted with 20% EtOH (containing 0.04% HCOOH) to obtain 7 subfractions: 1A (25 mg), 1B (150 mg), 1C (120 mg), 1D (40 mg), 2A (10 mg), 2B (15 mg) and 2C (30 mg). All of the subfractions were chromatographed repeatedly on a 2×40 cm column containing Toyopearl HW-50F resin under the same conditions to yield isoflavone and pterocarpan glycosides: 1 (6 mg), 2 (12 mg), 3 (28 mg), 4 (50 mg), 5 (30 mg), 6 (12 mg) and 7 (8 mg).
Acid hydrolysis of the n-BuOH extracts of M. amurensis roots:
The n-BuOH root extract of M. amurensis roots (70 mg) was mixed with MeOH (5 mL) and aqueous 4 M HCl (40 mL) and refluxed under nitrogen for 5 h at 100°C. After hydrolysis, the mixture was extracted 3 times with EtOAc (50 mL). The EtOAc extracts were combined and concentrated in vacuo to yield the isoflavone mixture (40 mg). This was dissolved in EtOH (4 mg/mL), membranefiltered (0.20 μm, Agilent), and analyzed by analytical HPLC by comparison with reference compounds. The lower layer of the EtOAc extract solution was neutralized using 0.5 M Ba(OH) 2 (7 mL) and then filtered through glass wool. The filtrate was evaporated to dryness and subjected to silica gel chromatography (CHCl 3 -MeOH-H 2 O, 6:4:1), yielding only D-glucose [16] . Table 2 .
Antioxidant activity assay:
The experiments were performed in compliance with the European Convention for the Protection of Vertebrate Animals Used for Experimental and other Scientific Purposes (Strasbourg, 1991). A total of 60 male Wistar rats (weighing 235±8 g) that were maintained in the Institute of Cytology and Genetics of the SB RAS were randomly divided into 4 groups of 15 animals each. The rats were housed in an animal facility at 22±1°C with a 12-hour light/dark cycle, controlled humidity, and circulating air. The animals had food and water available. Group I consisted of intact animals. Exudative inflammatory paw edema was induced in the group II animals via subplantar injection of a formalin solution (0.2 mL, 3%) into both hind limbs. The animals in the control group (II) were injected with starch that had been suspended in water for a two-week period prior to their flogistic injection in the same sites. The total ethanolic extract and the isoflavone and pterocarpan glucosides 1-7 were orally administered for 2 weeks to groups III and IV, respectively (2% starch suspension, 25 mg/kg b.w.). Free radical oxidation was then induced by subplantar flogistic injection in the treated rats.
Two or 3 days following the flogistic injection, the inflammation reached its maximum, which was characterized by a sharp increase in the activity of the prooxidant system (using the TBARS values as an indicator) with the subsequent activation of the antioxidant enzymes CAT, SOD, and GPO [13] . Blood was withdrawn from the rats, and the concentrations of MDA and the other TBARS were determined. The results obtained for the treated animals (groups III and IV) were compared with those of the control (group II) and intact animals (group I). The antioxidant activity in the erythrocyte hemolysates was evaluated based on the changes in the activity of the antioxidant enzymes CAT, SOD, and GPO. The CAT activity was inferred from the content of the non-ferrous complexes of sodium molybdate and hydrogen peroxide. The SOD activity was determined using the reaction of nitrotetrazolium reduction by superoxide radicals. The GPO activity was evaluated using the color reaction with Ellman's reagent and with unoxidized glutamate as the marker [13] . The reagent kits for the biochemical assays were purchased from Sigma and ICN Biomedicals Inc.
Statistical analysis:
The data were statistically analyzed using a one-way analysis of variance (ANOVA) followed by a multiple comparison using Fisher's protected least significant difference (PLSD) post-hoc test for inter-group comparisons. A difference of P ≤ 0.05 was considered significant.
